Dayside open field line region boundary at high altitudes
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Abstract. The Polar satellite with its highpogeeandhigh
latitude orbitoffers a uniqueopportunity tochartthe dayside
open/closed fieldine boundary(OCB). Thedatafrom ener-
getic particleandplasma measuremendse examined to ob-
tain the position of the OCB for a range of IMMRd magnetic
disturbanceconditions. The Polar observationgere taken
within two hours of local noon in the sprirapd fall 1996
andspring 1997.Thesedata wereexaminedfor evidence of
IMF andsolarwind control of the OCB. Somevidence of
control wasobserved inthe Polardata. Howeverthe OCB
position was found talependmore strongly on thenagnetic
activity levels than on IMF Band solar wind pressure, for
example. Examination of the invariamt)(andmagnetic X)
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field lines is not an easy task aretjuires carefubxamination
of the data. For exampldjscerning whether a fielline sup-
ports particle bounceotion is not a sufficientriterion be-
cause there can bguch bouncemotion on operfield lines
which thread a region of relative magnetic figitensity min-
ima created bylocalized currentsuch asoted by Croley et
al. (1982). Flux tubes that contain isotropic partairibu-
tions or magnetosheath plasma may indeed be closed although
the particlesobserved appear tdave exo-magnetospheric
sources. It is possible for particles leave or beattached to
closed field lines because their adiabatic invariantsviolated
by time dependenfields (magnetiand electric) or bystrong
magneticfield curvatureand gradients near current sheets

latitude of OCB for B < 1 gave better results than using the (Alfvén, 1963).

whole dataset. For B <1 the OCBA ~78.9 + 0.38 B
and examination of the VB dependence
N ~78.9 +1.023 VB. The comparison with K gave
N ~ 80.2 — 0.88 K These dependencies arsimilar to
those previously observed for the auroral zone boundaries.

1 Introduction

There have beemany studies of magnetospheloundaries

Thus, it isdifficult to label field lines as open oclosed

gave without carefulassessment. We often takdvantage of the

fact that years ofareful observations havallowed us todis-
cern whether aparticle distribution is from anexo-
magnetospheric source or whether it is magnetospheric.
example ofthis is the softparticle fluxesobserved ahigh
latitudes of thenear local noon magnetopausée. the
cusp/LLBL/cleft regions. The cusp, which containsagne-
tosheath plasma, is thought to tlearly on operiield lines
while the LLBL and cleft fluxes, which appear to be a mixture
of unaccelerated magnetosheath and magnetospheGcealer-

ated magnetosheath fluxes, can exist on both apdrclosed

One

using both low and high altitude satellites. For example, thergg|q |ines. Recently Lockwood (1997) hasarguedthat the

have been studies of the response of the andphe auroral
oval and its boundaries to the IMF, solar wiadd magnetic
activity conditions (see Hardy et al., 1981; Meargd Makita,
1986; Haerendel andPaschmann, 1982). Such studiesve
shown that the cuspnd daysideurora respontioth to mag-
netic activity and external conditions.

In the presenpaper weattempt toidentify and determine
the boundary between open and closed geomadiedtidines
in the magnetosphelbereafter denotethe OCB) with em-
phasis on thalaysidehigh latitude regions. The OCBhould
move in much the same way as the polewambraland cusp
boundaries discussed the referencesabove. Thedetermina-
tion of the boundary betweepen and closed geomagnetic
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daysideOCB should bdound equatorward othe cusp if the
reconnection omergedmagnetosphere model ihe correct
picture. If that is the case, it becomegossible touniquely
identify the dayside OCB.

However, theattempt toidentify the OCBboundary is a
worthwhile exercise because it is a basic conaafistarting
point for models of dayside solar wind magnetosplassac-
tions and magnetic field models. The passage of particles and
energy acrosshis boundary is a driver ofnagnetospheric
processes. As noted above, iteipectedhat the position of
the cusp/LLBL transition is close to and moves with the OCB
(seeSmith and Lockwood (1997) and Newell (1994). Using
this assumption, we attempt ttiscern, adest we can, the
position of the OCBboundaryand examineits response to
both external and internal conditions.



For this paper we set as our goalidentify the OCB and
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were correctedor the Wind satellite positionrelative to the
Earth.

The MICS compositioomeasurement&/ere used taden-
tify the cusp by looking for intense higthargestate ion
fluxes with emphases on the <10 keV'Hand G** ions. The
intensity and spectra of the >1 keV flom MICS and the 10
eV to 20 keV electrorand proton spectrafrom Hydra were
used toconfirm the cus@ndLLBL identifications. The IES
and IPS were also used to help define ibsition of theday-
sidelast closed drift boundargnd plasma shedboundary for
energetic particles. Here, we has&lectedhe transitionfrom
LLBL to cusp/cleftfluxes as our working definition of the
OCB.

A static magnetidield model (IGRF96) was chosen for
presentation of the OCBEach Polar OCB crossing was
taggedwith its GSM position, invarient /) and magnetic
(M) latitude and magnetic local time (MLT). Theobserved
changes in the OCB position andA canthen beascribed
to effectssuch asauroral currentsand interplanetarycondi-
tions. Mapping theOCB in this way doesaccount for the

Fig. 1. MICS He++, IES,IPS, and MICS H+ spectrograms for April 22,
1996. The vertical while lines mark boundaries in the data. The
boundary nearl240 UT is theOCB chosen for the daysidea-
versal

Fig 1). Using such identifications, wexaminedall the day-
side high latitude crossings thaiccurredwhile Polar's orbit
plane was within about two hours of the noon midnight me-
ridian. This corresponded roughly to three different intervals (1
April - 15 May, 1996; 15 September - 15 November, 1996;
15 March - 15 May, 1997). The periods where the MICS was
not operatingand Wind was inside the bow shookere ex-
cludedfrom the study. These intervajsovided 155 usable
dayside crossings. WesedA, which is a magnetifield line
label likeL , in an attempt to cast the observations into a
system that is independent of the altitude of the observations.
However, weshow (below; Fig 4) both\ andA for each
OCB crossing for comparison.

Figure 1 also shows @determination of theear midnight
plasma sheet boundary layer (PSRigundary neaf615 UT.

motion of the Earth's dipole relative to the sun line so that, t&Vhen this boundary issharpandthe polarcap above the

first order, this "geometric" effect is removed.

3 Observations

An example of doundary identification irthe Polardata
is shown in Fig. 1. The pointhosen for our OCHBoundary
is identified by the vertical white line near 1240 UT atre-

boundary is empty of plasma i@nd accelerateglasmaelec-
tron fluxes (i.e. no plasmalectrons other than polaain)
then we takehis boundary to behe nightside polacap or
tail lobe boundary (TLB).

Because the Polar orbit is so long (~18 hr), the Pudati-
cle datacannot beused totrack the OCB motionscarefully
with time. Thesedata can addressghe motions only in the
statistical sense. Thus, it is important to know rdrege of

sponds to the transition from a hotter magnetospheric plasni@agnetic activity levelsnd IMF and solar wind conditions

to an intense butolder magnetosheath plasma withigh
chargestate ions such as Heand G*(top two panels of

that existed duringhe Polar observations. Fig. 2 shows the
range of K (2a), Dy; (2b), IMF B, (2¢), solarwind pressure



(Psw; 2d), the solamwind speed(2e), and solar wind density
(Ngw; 2f) that obtained for the Pol&oundarycrossingsperi-

ods used in this study. It can be seen thatewere not large

numbers of extreme valuesidtherewere nolarge magnetic
storms such as thosltiscussed byeng (1984). Theaverage
values of these parametensdtheir standarddeviation for the
Polar dayside crossingswere K, ~ 1 +1.2, Dy ~-13.5
+15.5nT, Ry ~2.7 £1.4 nP, B ~-0.1 £3.2 nT, V4

~411+78 km/sec, and §, ~ 9.1+5.7 cn1™.

Figure 3 displays OCB and TLB (Tail Lobe Boundargn-
sition from tail lobe to plasma shekbundary layer)posi-
tions in invariantdatitude (\) versus MLT for the 155 Polar
traversals used ithis study. This shows th&tdeedthe ma-
jority of dayside OCB traversals occurredthin two hours of
magnetic local nootrecause obur orbit pre-selection. The
TLB datawill be discussed elsewhere. Wisedthe A, mag-
netic latitude X) and MLT (based on IGRF95) from the Polar
ephemeris (provided by GoddagpaceFlight Center) forthis
study. The OCB valuewere observednostly in therange
75 <A\ < 83 and 48 A < 68.

catesthat if there was a pressudependence itvas related
more to the solar wind velocity than density.

Figures 4eand 4f show thedependence ofthe OCB on
magneticdisturbanceevels ascharacterized by Kand Q..
Both show adecrease irthe OCB latitudes withincreasing
disturbance levels. Thekand Dy, relationships have tHarg-
est R valuesand arethe mostbelievable trends irFig. 4.
Again, we point out that theange of K and Dy; for these
data was relatively narrow and thewvere only threeboundary
crossings for which K=5 and only two for which
Dgr <-50 nT (see Fig. 2). So what Fig. 4e and Fig. 4f show
is thatthere is asignificant control of thedaysideOCB lati-
tude for very modest activity levels.

Taking a cue from the Hardy et al. (1981) study, exam-
ined the B dependence of the OCB in greater defaiihce the
majority of the IMF B values lie in the rangel0 < B, <10
nT, weexaminedthe trend of A with B, over this reduced
range toeliminate thefew points with |B| > 10 nT. The
result is shown in Fig. 5a. Threseparatdinear fits are made
to the data. First we fit the total data set as shown by the line

Figure 4 shows scatter diagrams which contain many of thenarked [1]. The fit coefficientand Rvalue are shown in the

basic results for the Polaaysidecrossings. Wénave plotted
both the/A andA of the OCB positions against othgarame-
ters such as IMF Bto discern ifthe OCB position wason-

inset labeled [1]. We separatelyfit those points that had
B, <1 nT and B> 0 nT as shown by the solahddashed
lines marked [2] and [3] respectively. Their coefficiessl R

trolled by or correlated with the selected parameters. The staticaluesareshown in the insetabeled[2] and[3]. Figure 5a
IGRF95 field model andA values were used because they doshows that the B< 1 nT points(case [2])hadthe strongest

not depend orany of the observables veemparedwith the
OCB positions. Wewere primarily looking for dependencies
that might be related to the IM&dsolarwind conditions or
magnetic activity.

Figure 4a shows th& andA of the OCB plotted versus the
IMF B,. The scatter is fairly large. Thieest linear fit is
shown by the lines anithdicates gpositive dependence of the
OCBA andA with IMF B,. The coefficients of the fit and the
correlation coefficientrepresented byhe Pierson's R value,

correlation with an R value of ~0.43. Thislagerthan the
R value for cases [1dnd[3]. The B, > 0 nT valuesshowed
no correlation with OCB\ (case [3])while the totaldata set
had, atbest aweakcorrelation. This result is similar to the
results otherdhave obtained whetrying to show whether
there was aelationshipbetweendaysideauroral boundaries
and IMF B, (Hardy et al., 1981; Meng and Makita, 1986).
Because ofthe magnetic activitydependencenbserved in
Fig. 4, weconsideredhe possibility that the croseagneto-

are given in the insert on panel (a). The R value for the IMFsphere electric field imposed by the solnd may be acon-

B, dependence dhe OCB inA andA are0.23-.27and indi-
cates there may be someakrelationshipbetweenthe OCB
latitude and B,. However, suctsmall correlation coefficients
are consistent with there being no correlation. We alsm-
ined the OCBA dependence ofMF By and B (not shown).
Both hadlinear fits with a slope of ©.0 andvery small R
values £ 0.1) indicative of lack of correlation. Thaverage
OCBA andA and theirstandarddeviations for the 155 Polar
daysidecrossingswere 78.5 +1.6 and 58.4 +5.3 respec-
tively.

Figure 4b shows the OCB positionfMandA plottedver-
sus solar wind pressureg R The linear fits show aegative
trend with Pg, indicating that the OCB latituddecreases

trolling factor. Thus, weexaminedthe variation in the OCB
latitudewith VB, (in mV/m) as shown in Fig. 5b. We re-
strictedthe OCBs to those th&lad B, <1 nT and found a
modest correlatiorwith R ~ 0.47 and aslope of +1.023
deg/(mV/m). Thiswould indicatethat the daysideOCB has
some dependence otthe effective solar wind electric field.
Since K, might have asimilar dependence othe solarwind
electric field, we examinethe K, versus VB relationship as
shown in Fig. 5c. The R value mparable tahat of Fig.
5b andFig. 4e.TheFig. 5bandFig. 5c fits are consistent
with that of Fig. 4 which indicates the OCB dependenceon K
most likely represents an OCBependence othe solarwind
electric field.

with increased g, as expected. However, the R value of the We alsoexaminedthe OCB dependence on {8 and B?

fits (seeinset) are quite small (~ 0.16)and is probably not
indicative of a reatlependence ahe OCB on B,. We also
examinedthe dependence ahe OCB on the components of
the solarwind pressuresuch as the g, component of the
solar wind velocity, Y(sw) (panel clandthe solarwind den-

(not shown) for a solar wind energy coupling relationship and
found nosignificant correlation. We alsexaminedthe OCB

in terms of the satellite position in GSMoordinates and
found that there was no organization of the data relative to any
of the IMF, solar wind andlistrubance parameters the co-

sity, Ny (panel d). Fig. 4d shows there was no dependence oordinatesthemselveqseeFennell et al., 1997)Here, they

the solar wind density with the slope of the fitsar zero and
the R value < 0.04. The solar wind velocity did shotread,
with A andA of the OCBdecreasingwith increasing solar
wind speed. The R value for the fits of O@BandA versus
V, were higher (~0.3) than for the,J?dependencelhis indi-

were best organized in the static magnetic field model.
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In future studies we plan toompareour results to a dy-
namical magnetic field model such as the Tsygang¢h®66)
model and with simultaneous DMSP observations.
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